[Abstract] Olfaction is the first sensory modality to develop during fetal life in mammals, and plays a key role in the various behaviors of neonates such as feeding and social interaction. Odorant cues (i.e., mother or predator scents) can trigger potentiation or inhibition of ultrasonic vocalizations (USV) emitted by pups following their isolation. Here, we report how USV are inhibited by olfactory cues using a sonoolfactometer that has been designed to quantify precisely olfaction in pups congenitally infected by cytomegalovirus. This olfactory-driven behavioral test assesses the USV emitted in presence of unfamiliar odorants such as citral scent or adult male mouse scent. We measure the number of USV emitted as an index of odorant detection during the three periods of the 5-min isolation time of the pup into the sono-olfactometer: first period without any odorant, second period with odorant exposure and last period with exhaust odorant. This protocol can be easily used to reveal olfactory deficits in pups with altered olfactory system due to toxic lesions or infectious diseases. (Stickrod et al., 1982; Sarnat and Yu, 2016) . Survival and growth of neonates depend on the mother and rely heavily on their reciprocal olfactory-driven behaviors such as nipple localization, feeding, attachment, predator avoidance, etc. (Teicher and Blass, 1976; Brunjes and Alberts, 1979; Bell and Smotherman, 1980; Brouette-Lahlou et al., 1992; Shair et al., 1999; Hongo et al., 2000; Perry et al., 2016; Al Aïn et al., 2017) . Thus, congenital or perinatal impairment of the sense of smell, such as toxic or infectious injury of the olfactory system, could have profound health concerns. While a great number of non-operant and operant behavioral tests are available for assessing the sense of smell in adult rodents (Bodyak and Slotnick, 1989; Slotnick and Restrepo, 2005; Kobayakawa et al., 2007; Yang and Crawley, 2009) , there is a serious limitation in exploring olfaction in very young rodents due to their limited behavioral repertoire. Nevertheless, a suitable test to address odor perception in rodent pups has been designed based on the recording of ultrasonic isolation calls (Hofer and Shair, 1991; Hofer et al., 2002; Lemasson et al., 2005; Lazarini et al., 2018). Young pups, while isolated from the mother and littermates and placed in low ambient temperature produce ultrasonic vocalizations (USV) at a high rate (Smith and Sales, 1980; Branchi et al., 1998; Castellucci et al., 2018) , that promote maternal behavior such as searching for pups, retrieving and licking of pups (Noirot, 1974 et al., 1992; Brunelli et al., 1994) . Infants of most mammals, including humans, also emit repeated vocalizations in the audible range after isolation, as a distress signal aiming at eliciting maternal behavior. USV emission of the isolated rodent pups stops at the contact of the mother, littermates or nest odor (Szentgyörgyi et al., 2008) . On the one hand, potentiation of the USV response to isolation can be induced by exposition to the scent of its mother or another lactating female (Shair et al., 1999) . On the other hand, inhibition of the ultrasonic calls could be induced by exposition to the scent of an unfamiliar adult male, one of its common predators in the wild (Shair et al., 1999) . USV inhibition can also be achieved by exposure to a non-social odorant cue, such as citral, that triggers innate aversive response (Lemasson et al., 2005) . Using this olfactory-induced USV inhibition, we found that congenital cytomegalovirus (CMV) infection alters olfaction as early as Day 6 after birth, long before hearing deterioration in mice (Lazarini et al., 2018).
Lahlou et al., 1992; Brunelli et al., 1994) . Infants of most mammals, including humans, also emit repeated vocalizations in the audible range after isolation, as a distress signal aiming at eliciting maternal behavior. USV emission of the isolated rodent pups stops at the contact of the mother, littermates or nest odor (Szentgyörgyi et al., 2008) . On the one hand, potentiation of the USV response to isolation can be induced by exposition to the scent of its mother or another lactating female (Shair et al., 1999) . On the other hand, inhibition of the ultrasonic calls could be induced by exposition to the scent of an unfamiliar adult male, one of its common predators in the wild (Shair et al., 1999) . USV inhibition can also be achieved by exposure to a non-social odorant cue, such as citral, that triggers innate aversive response (Lemasson et al., 2005) . Using this olfactory-induced USV inhibition, we found that congenital cytomegalovirus (CMV) infection alters olfaction as early as Day 6 after birth, long before hearing deterioration in mice (Lazarini et al., 2018) .
The current protocol describes a method for assessing odor perception in young mouse pups soon after birth, using a custom-made sono-olfactometer. Because this approach has been developed in the context of congenital viral infection, the sono-olfactometer was designed to prevent any spread of the virus from infected pups to the environment. It can be used therefore in Biosafety level 1 (BSL-1), level 2 (BSL-2) or level 3 (BSL-3) according to the microbial status of the manipulated animals. This characteristic was made possible by slightly modifying the earlier version of our olfactometers (Lemasson et al., 2005) . The pup chamber of the sono-olfactometer constitutes a mini-isolator in which odorants can be presented at a constant concentration and then efficiently exhausted. This sonoolfactometer allows simultaneous exposition to various odorants and recordings of USV emitted by the pup placed in the chamber. This protocol can be easily expanded to explore olfaction in other paradigms of acute and chronic injury or infectious diseases in the olfactory system of wild-type or geneticallymodified rodents. (Castellucci et al., 2018) .
Materials and Reagents
c. Infected-pups can be used as previously described (Lazarini et al., 2018 
Personal protective equipment (PPE)
May include (but is not limited to) scrubs, a sterile combination, latex gloves, bouffant cap, ventilation mask, protective glasses, and shoe covers, depending on the regulation of the animal facility in which the work is taking place. Recording of USV ( Figure 5 ) each in their own sealed chamber. The routine protocol is shown in Figure 6 . An example of USV recording is Sound 1 (this audio file depicts the USV of two 2-day-old pups). 5. Transport the pups to their home cage (transfer from the chambers to the safety cabinet, weight them and transfer to the nest of the home cage).
GraphPad Prism software (GraphPad Software, USA) is used for data analysis
6. Clean the chambers using 70% ethanol. After a 5-min interval to allow the elimination of the ethanol odorant, start the next test using the same chambers with other pups.
7. The USV records can now be analyzed using the Audacity software. An example of analysis is displayed in Figure 7 .
Copyright © 2019 The Authors; exclusive licensee Bio-protocol LLC.
9
www.bio-protocol.org/e3170 
Data analysis
The number of ultrasonic vocalizations emitted after isolation was manually counted using Audacity open software (www.audacityteam.org). The mean rate of ultrasonic emissions (call/min) was computed for each time block: The first period without any odorant (1 min), the second period with exposure to social or non-social odorant (1 min) and the last period with exhaust odorant (1 min and 30 s). Data were analyzed using GraphPad Prism, using Mann-Whitney or Wilcoxon matched-pairs signed rank tests as appropriate. 2. Since this test is a non-operant one (recording of spontaneous USV emitted by pups exposed to different olfactory cues), at least 8 pups per group should be used to reach the statistical power necessary for the analysis.
3. When manipulating two groups of animals, one infected and the other non-infected, we recommend dedicating each of the two SO chambers to each group using an external labeling.
This should help in preventing any contamination of CTL pups.
4. The dilutions of Citral odorant should be made just before testing. We recommend preparing the scent under a fume hood in a laboratory outside the animal facilities since it is important to prevent the odor diffusion in the animal facilities (odor habituation).
5. For a greater reproducibility, fresh male bedding should be used before any microbial transformation of the scents. 
